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Aviation represents a small but growing share of global
CO2 emissions (2-3%), and Southeast Asia is where this
industry grows the fastest. The industry targets 50%
reduction in net CO2 emission by 2050, and will need
at least 2 million tonnes of biofuel by 2020. In Southeast
Asia, competition between natural spaces (such as
tropical forests) and biofuel development should be
avoided. A complex interaction of political, sociological
and natural factors influence the logistics, the
infrastructures and the potential sustainability of biofuel.
The contrasted growing conditions, and the
geographically scattered nature of the potential resources
for aviation industry, add to the complexity. Building
visions and actions necessitates a range of assessments
and researches, to insure sustainability of appropriate
scenarios and pathways. In Malaysia, a consortium
established a Center of Excellence on Biomass
Valorisation for aviation, in order to study the biomass
feedstocks and pathways which are necessary to meet the
industry target, and to ensure sustainability.
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Introduction
Aviation represents a small but growing share of global CO2 emissions (2-3%), 
and South East Asia is where this industry grows the fastest. The industry 
targets 50% reduction in net CO2 emission by 2050, and will need at least 2 
million tonnes of biofuel by 2020. Commercial aviation is predicted to grow at a 
rate of 5% annually until 2030 and expect improvements in fuel efficiency by 
1.5% per year till 2020 (targets set by the International Air Transport 
Association). The aviation industry needs to take continuous steps to maintain 
growth in an era of increasingly volatile oil prices and uncertainty in supply, as 
well as reducing its carbon footprint. 
Figure 1: CO2 emissions targets for aerospace sector.
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For many years, this industry has been “criticised” for its high carbon 
Greenhouse Gas emissions. Of the total global emissions, 56% comes from 
burning of fossil fuels. The aviation industry alone contributes up to 649 million 
tonnes of greenhouse gases (GHG) emission annually, which represents 2 to 
3% of the global CO2 emissions. By 2050, the industry targets to reduce by 
50% its net CO2 emissions (compared to 2005 baseline).
The South China Sea divides Malaysia into two geographical entities; 
Peninsular Malaysia, or West Malaysia, and territories of Borneo (Sabah and 
Sarawak), or East Malaysia. Malaysia, located at the heart of South-East Asia, 
hosts one of the top three South Asian hubs for air transports (Kuala Lumpur) 
and is immediately neighboured by the two others (Singapore and Bangkok). 
The country is blessed with abundant biomass resources, which could be 
converted into alternative energy or other bio-products. However, even though 
government policies and market incentives have been put in place to support 
the use of green technology in the industry, the uptake of biomass 
commercialisation needs further intervention. Annually, a minimum of 168 
million tonnes of biomass waste is generated in Malaysia. In Peninsular 
Malaysia, forest covers approximately 45% (5.8 million ha) of the land, while 
another 35% (4.5 million ha) is agricultural land. Out of the 4.5 million ha of 
agricultural land, oil palm (62%) and rubber plantations (29%) cover the 
largest area. Rice, sugarcane, or coconut form the bulk of the remaining area, 
and may generate proportionally higher tonnage of biomass residues than 
expected. However the exact quantities of sustainable biomass and residues 
and their availability for biofuel conversion is difficult to assess. This potential 
resource could represent a great opportunity for harnessing biomass energy in 
an eco-friendly and commercially viable manner. The first step to achieve such 
ambition is  to identify the most suitable feedstocks to produce bio-jetfuels, 
and to understand the peculiarities of aviation bio-jetfuel sustainability in such 
an environment.  
Biofuels give rise to numerous socio-economic and environmental issues. For 
example, in the US and Brazil, the impact of biofuels on food prices and food 
security is one of them. Biofuels are fuels derived from solid biomass through 
different chemical and biological processes and treatment according to the 
feedstock used. Biofuels can be distinguished as first-, second-, or third-
generation biofuels, depending on the raw material and conversion technology 
used during production. Although second generation waste-sourced biofuels 
might be intuitively more sustainable than dedicated crop-sourced ones, the 
question of profitability, general acceptance of the pathways, and their impacts 
must be carefully weighted in order to confirm or invalidate their sustainability. 
Among potential impacts are: effects on greenhouse gases (GHG) emissions, 
atmospheric pollution, water consumption and pollution, deforestation, 
biodiversity loss, soils degradation, rural development issues, energy, security, 
health and social conflicts. 
Would a single crop be sufficient source for biofuel conversion to fulfil the 
15
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Figure 2: South China Sea divides Malaysia (in dark grey) into two geographical entities.
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demand projected for 2030? If not, is multi-crop the solution? How would a 
multi-crop source influence on the conversion process and cost of production? 
Is the available biomass distributed in specific regions or is it scattered 
throughout the country? In this case, is the cost of collection and 
transportation affordable? If not, can multi-crop be the solution? Will this new 
bioenergy create land grabbing issues and environmental impacts, such as 
deforestation, thus creating socio-political issues? The present book answers 
some of these questions, states about the resource, its potential for bio-jetfuel 
and challenges. Detailed industrial simulation and prospective scenarios will 
be addressed in an additional volume (forthcoming).
17
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From biomass to bio-jetfuel
The United States and Brazil have led the biofuel sector since the 1970s, 
among other actions to cope with the oil crisis of 1973 and 1979. They 
encouraged first generation biofuel technology to transform corn and 
sugarcane, into bioethanol and biodiesel. Between 2005 and 2008, major 
biofuel programmes were initiated in the European Union and the United 
States. By 2012, around 60 countries had targets in place for energy security, 
improving the balance of payment, creating new sources of income and 
employment, developing rural areas and diminishing Greenhouse Gas 
emissions. However despite such noble aims, it also raises issues about 
competition with food production and arable lands. World food prices reached 
their peak in 2008 (Bailis et Baka, 2011). Grain and edible oil prices increased 
70 to 120 percent; world food markets experienced the largest price shock in 
thirty years (Food and Agricultural Policy Research Institute, 2009). Several 
scientific assessments were published that confirmed doubts about the ability 
of biofuels to meet some or all of their stated objectives by demonstrating how, 
under existing and proposed production systems, biofuels could contribute to 
large-scale Land Use Change (LUC) (Fargione et al., 2008). It can happen 
through direct land use change (DLUC) or indirect land use change (ILUC) in 
which biofuel crops affect market conditions either by displacing crops or 
livestock or by diverting existing crops from one market (e.g., food or 
feedstock) into biofuel production (Bailis et Baka, 2011). 
In response to these negative concerns, second generation biofuels emerged 
in order to mitigate the negative effects of first generation biofuels. 
First generation biofuels refer to the fuels that have been derived from crop 
sources like starch, sugar or vegetable oil. The oil is obtained using the 
conventional techniques of production (from crops). Some of the most popular 
types of first generation biofuels are biodiesel, vegetable oil, biogas, bio 
alcohols and syngas (biofuel.org, 2013). They convert annually millions of 
On a global scale, biofuels create a lot of hope, but also a lot 
of concern
18
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Figure 3: Main impacts and feedback in the food, agriculture and energy systems following the 
introduction of a biofuel demand (adapted from HLPE, 2013).
Figure 4: Pathways for producing first and second generation biofuels (adapted from Naik et al., 
2010).
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Table 1: Bio-jetfuel sustainabilty requirements - Source: (Anonymous, 2012).
Bio-jetfuel specifications
Humans already use 12 to 20% of the terrestrial Net Primary Production 
(Haberl, 2007), which consist almost exclusively of plants. Terrestrial plants 
essentially produce sugars, starch, and oils, while their main constituent is 
lignocellulose and water. Only 10% of the harvested biomass from the Net 
Primary Production is already used as energy, while the remaining is used for 
materials (20%), animal feed (58%), and human food (12%) (Krausmann, 
2008). Consequently, any additional uptake of terrestrial biomass for 
bioenergy use, may increase the pressure on ecosystems if it means 
producing and harvesting more sugar, starch or oil than it is already the case. 
The indirect adverse effects constitute a non-exhaustive list of the 
sustainability requirement for bio-jetfuels.
tonnes of vegetable oils, tallow, grains and sugar cane to biofuels, being 99.85 
percent of the biofuels produced and consumed worldwide in 2011 (91 300 
000 tonnes/year). In the same year, second-generation biofuels from 
lignocellulosic raw materials reached only 137 000 tonnes/year (IEA, 2013).
Conversely, second generation biofuels appear having less adverse impacts. 
Mostly produced from agriculture residues, forestry, industrial wastes or non-
food energy crops. Being cheaper and presumed more abundant, they are 
supposed not to compete with food and to allow reduction in Greenhouse Gas 
Emissions (even if it still has to be proven through Life Cycle Analysis, see 
Bailis et Baka, 2011). The raw materials for the second generation include 
cellulosic materials, switch grass, waste biomass, wheat stalks, corn stalks, 
wood, and special energy or biomass crops such as Jatropha. Second 
generation fuels have their own drawbacks. Firstly, specialised biomass crops 
have already shown their limits. And secondly, to move forward to second-
generation biofuels, is not so easy for developing or transition countries, given 
the often proprietary nature of this technology, the elevated capital 
investments required, and the high demands that second-generation 
technologies make on infrastructure, logistics and human capital (HLPE, 
2013).  
20
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Table 2: Bio-jetfuel technological requirements - Source: (Rosillo-Calle et al., 2012).
First generation fuels use oil, starch and sugars, and could easily become 
unsustainable if produced in large quantities, because of the potential stress 
that world scale production would place on food commodities (Gomez, 2008). 
Sustainability criteria for millions of tonnes of aviation fuels would require that 
they are not made from first generation fuels. Second-generation biofuels, 
produced from non-food, cheap and abundant plant biomass are essentially 
based on lignocellulosic biomass when referring to terrestrial biomass, and on 
oils when referring to algae. These biofuels are seen as the most attractive 
solution to this problem, but a number of technical hurdles must be overcome 
before their potential is realized (Gomez, 2008). For now, there is a general 
consensus in the aviation industry that any biofuel used in the sector should 
comply with sustainability criteria developed for road transport available for the 
US and the EU.
Sustainability criteria are a first step towards sustainable biofuel production, 
however technical options may be limited because of the high quality fuels 
required in aviation. To be acceptable to Civil Aviation Authorities, aviation 
turbine and jet fuels must meet strict chemical and physical criteria. There are 
basically two type of conventional jet fuels used in commercial aviation:  Jet-A 
used mainly in the USA and Jet A-1 used worldwide; the only difference 
between them is the freezing point which is -40°C for Jet A and -47°C for Jet 
A-1. For the application of a fuel within the international civil aviation sector the 
certification in accordance to the ASTM International standards or the 
UK Defence Standardisation.
21
From biomass to bio-jetfuel
Converting biomass to bio-jetfuel
Different ways of conversion
Several pathways exist to convert biomass into bio-jetfuel. Within this variety 
of processes, few have been recognised and certified for the manufacture of 
aviation turbine and bio-jetfuel that involve blending conventional (fossil-
based) and other synthetic components. Approved bio-jetfuel can be blended 
as high as 50% with traditional jetfuel. Three pathways are currently approved 
by the internationally accepted standards (ASTM) for alternative jet-fuel:
 • Biomass-to-liquid (BtL), via Fischer-Tropsch process (FT-SPK) 
- approved in 2009.
 • Hydro-processed esters and fatty acids (HEFA, also called HRJ or Bio-SPK) 
- approved in 2011.
 • Synthesised Iso-Paraffinic fuel (SIP fuels or DSHC pathway (Direct Sugars 
to HydroCarbons) - approved in 2014.
Figure 5: Existing certified and other possible pathways for AViation TURbine Fuels (AVTUR).
22
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The Fischer-Tropsch process for bio-jetfuel involves converting any kind of 
lignocellulosic biomass through a thermal process and an additional step of 
gasification. It is a simple and reliable process, but its major inconvenience is 
that it requires a transformation to several physical phases (solid to gas to 
liquid), thus losing a lot of energy and material in the HEFA process can use 
any form of vegetable oil or animal fats. In the first step of production, the oils 
and fats are hydrogenated. They are refined in a second step in a similar 
process used with fossil fuels. The process is essentially liquid, thus very 
efficient but is currently handicapped by the very limited availability of cheap 
feedstocks. This process is currently not easy to set up for lignocellulosic 
biomass, but could be very promising for algae biomass, when large-scale 
solutions will exist to produce such biomass.
The DSHC process relies on the fact that sugars can be converted via 
metabolic pathways into farnesene. Farnesene (C15H24), is a precursor for 
jetfuel. This process is potentially the most promising, and is perfectly suited to 
any biomass composed of simple or complex sugars, such as lignocellulosic 
biomass.
Limited expansion potential for Southeast Asia croplands
Within the intertropical zone, with the monsoons ensuring 2 to 4 meters of 
rainfall per year, Southeast Asia harbours extremely high productivity of 
biomass, in terms of tonnes per hectare and per year. Consequently, forest 
and agricultural sectors have historically been preponderant in the economy 
and the land use of the region. However human pressure in South East Asia is 
also extremely high. Agrosystems form a mosaic of different crops, and are 
extremely fragmented in comparison to the vast and more homogeneous 
areas observed under similar latitudes in Latin America. As a result of this 
combination of factors, South East Asia, with the rest of developing Asia, is the 
Figure 6: Total primary energy demand for biomass and wastes, by region - Source (IEA 2007).
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region in the world where the total primary energy demand is the highest in the 
world for biomass and wastes (IEA 2007). The large development of 
agriculture in the last decades has already spread over the most suitable soils. 
Conversely, sustainable practices aiming to preserve the last remains of one 
of the most biodiverse and ancient rainforest in the world, will prevent local 
societies to deforest and to convert vast areas of additional lands to crop 
production. As a result, East Asia, South Asia and transition countries are the 
regions with less potential for cropland expansion in the world, except for the 
case of Near East and North Africa (FAO 2003). To date, the large-scale 
industrial development of algae production for fatty biomass is not yet a reality.
In this specific South East Asian context, it becomes difficult to consider 
strategies entirely based on raw material coming from energy crops, be it 
primary production of sugars, starches or oils. Conversely this call for 
investigating in details the feasibility of pathways based on agricultural and 
agro-industrial residues, which are not, or not much used. The overwhelming 
tonnages of potential residues consist mainly lignocellulosic residues, which 
after all, are nothing very different from a mix of polymerised sugars.
Figure 7: Potential for rainfed cropland expansion, by region - Source (FAO 2003).
Cellulose is the most abundant organic polymer among terrestrial biomass. 
Cellulose and lignin provide structural rigidity for every plant from the blade of 
grass to the giant redwood, which can reach 90 meters in height. They 
constitute more than 70% of the world’s terrestrial biomass. Cellulose 
microfibrils, hemicellulose chains, lignin and to a lesser extent, pectin, are the 
major components of cell walls. There is a huge variety of lignocellulosic 
materials such as wood or agro-industrial residues like straws, shells, husks, 
sugarcane bagasse, etc. Despite a relative similarity in their biochemistry, 
these varieties of materials differ by their chemical and physical characteristics 
that can have a great influence on conversion processes (e.g., chemical and 
biochemical composition, ash and extractives rates, moisture content, heating 
What is lignocellulosic biomass?
24
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value). Besides, some other anatomic characteristics do not interfere with 
thermochemical reactions but play a role on a physical point of view (density).
Cellulose is a polymer composed of 100 to 10,000 linked units of C6 sugars 
(hexoses: glucose, mannose, galactose,etc). In their native state, cellulose 
molecules form fibres largely composed of compact crystalline domains 
separated by amorphous regions. Hydrogen bonding between cellulose layers 
accounts for crystalline cellulose’s resistance to degradation. In fact the 
fundamental difference between starch and cellulose relies on the type of links 
binding the glucose units. Hemicellulose is a polymer with more than one type 
of subunit, predominantly C5 sugars (pentoses: xylose, arabinose) and a 
smaller amount of C6 sugars (glucose, galactose, mannose). Lignin is an 
aromatic polymer (polyphenolic) with high molecular weight and calorific (heat-
release) value (Vancov, 2008). Lignin plays a role of cement within the plant 
cell wall. Moreover, it provides waterproofing properties and high resistance to 
biological degradation.
Figure 8: Chemical structures of cellulose and sugar components of hemicellulose - (Adapted from 
Mousdale, 2008).
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Potential feedstocks and 
non-aviation biofuels
Despite pedoclimatic conditions that would allow a large diversity of crops, 
Malaysian agriculture is nowadays focused on a restricted number of key 
crops: oil palm, paddy, rubber, sugarcane and coconut. The five major crops 
represent more than 82% of cultivated lands and concentrate almost 99% of 
gross output of the whole crop and horticulture sub-sector, on 24% of the 
Malaysian territory. Agriculture accounts for only 10% of the GDP. Oil palm 
forms the overwhelming part of the agriculture revenue, not counting the forest 
sector. During past decades, oil palm progressively replaced rubber in the 
hierarchy of cash crops, following the global changes in demand for this cheap 
oil, due to the increase in demand for this edible oil powered by the 
demographic dynamics of Asia and Africa. The Malaysian historical success 
story in eradicating the hardcore poverty in its rural communities essentially 
came from the increase in area of palm oil smallholders’ schemes, at the 
expense of rubber plantations and forest areas. The average smallholder farm 
size is about 1.45 hectares. About 1 million small farmers cultivate 75% of the 
total area under agriculture. They represent the main contribution to food crop 
production as well as cash-crop production. The high geographical 
fragmentation of their agricultural activities has an impact on the supply and 
the valorisation of low price agricultural wastes, despite the existence of an 
excellent road network in Peninsular Malaysia.
Agriculture
Biomass sources
Table 3: Agricultural production in Malaysia (data from FAOSTAT, 2014).
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Figure 9: Areas and growth output in share of the horticulture and crop sector.
Figure 10: Relative evolution of areas for the top 4 crops in Malaysia.
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Potential feedstocks and non-aviation biofuels
Forest covers 62% of the total Malaysian territory.(FAOSTAT). Forest 
conversion to agriculture and to urban areas essentially occurred in Peninsular 
Malaysia during the 20th century, from 80% of the peninsula under forest in 
1935, to less than 50% in the eighties, and has since stabilised to 44%. Forest 
conversion has become statistically insignificant in Peninsular Malaysia but 
continues in Sabah and Sarawak, where higher forest proportions of 
respectively 59% and 69%, higher poverty rates, and lesser economic 
development, encourage policies of cash-crops expansion (Malaysia 
Sustainable Forest Management, MTIB 2007). The contrasted situations 
between Peninsular Malaysia and Sabah-Sarawak result from deliberate state 
policies with different management frame (MTIB statistics for 2013). These 
facts suggest that any bio-jetfuel supply based on wood residues should focus 
on the peninsula, to avoid accusations of encroachment on the rainforest. The 
forest in the peninsula covers 5,83 million hectares (Forestry Departement 
Peninsular Malaysia statistics for 2013), which are all under sustainable 
management.
 • Permanent Reserved Forest (PRF): 4.94 Mha, 
 • National parks & wildlife reserves: 0.59 Mha,
 • State lands (or alienated forests): 0.3 Mha.
Forests
Figure 11: Forests conversion to agriculture since 1961.
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Figure 12: Map of forest, palm oil and rubber lands in Peninsular Malaysia. 
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Potential feedstocks and non-aviation biofuels
Developments in non-aviation biofuels
Forty percent of Permanent Reserved Forest is dedicated to protection. The 
rest being subject to PEFC certified sustainable management and production. 
State lands forests are available for conversion into new uses (5% of the total 
forested area in peninsula). In Sabah and Sarawak, those proportions may be 
different.
Indonesia and Malaysia account for more than 80% of total palm oil production 
in the world. (Mukherjee et Sovacool, 2014). Malaysia is the biggest exporter 
of palm oil in the world. The two major products being derived from the palm 
oil industry are crude palm oil and palm kernel oil. The growing global market 
for biofuels and especially agrofuels created opportunities in Southeast Asian 
countries that find themselves as major producers, consumers and exporters. 
Malaysia currently produces essentially first generation biofuels and export 
biodiesel mostly to the European Union where there are subsidies for this 
product. Since 2006, through the National Biofuel Policy, the Malaysian 
Government has introduced the use of B5 blended biodiesel (95 percent 
petroleum diesel and 5 percent biofuels) (MPIC, 2013). Between 2006 and 
2007, 92 biodiesel projects have been approved in Malaysia but by 2012, 
most of them have closed down because of high feedstock prices, over-
optimization and competition in demand for raw oil by the agro-food sector. To 
revive these projects, the Malaysian government announced in 2013 that B10 
blended biodiesel would become mandatory to encourage again the biodiesel 
industry, but at the date of impression of this book, this regulation is not yet 
effective.
Altogether, only 30 biomass transformation plants are currently operating; 
most of them are located in the states of Johor and Selangor. The main 
products biodiesel and a few other products emerge at a smaller scale: solid 
biofuel, charcoal biofuel, jatropha biofuel, ethanol biofuel and rice biofuel. The 
somewhat mixed results has forced the Government to re-direct their thinking 
to develop multi-feedstock and second-generation biofuels (Sheng Goh et 
Teong Lee, 2010). Policies developed around first generation biofuel could be 
used as a basis for policies for the second generation. 
Along this line, five companies (Bell Group, Golden Elate, Genting Berhad, 
Kelas Wira and Teck Guan Group) have signed a joint venture cluster 
agreement to accumulate around 1.5 million tonnes of dry oil palm biomass 
that will be used to produce biofuels. The group will be set up in Sabah, where 
the Agensi Inovasi Malaysia has identified 70 potential mills, out of over 120 
mills, that could be partners for this biomass joint venture cluster. Many more 
companies are expected to follow suit into the venture that is estimated to 
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contribute an additional RM15 billion Gross National Income to Sabah's 
economy by 2020. (Lane, 2013). Other companies announced that they are 
working on turning biomass into second-generation biofuels, These companies 
are:
 • Platinum, located in Damansara (Kuala Lumpur), which wants to convert 
waste oils and fatty acids derived from the palm oil industry into second 
generation biofuels,
 • Bionas, which announced plans to convert jatropha oil into biofuel,
 • Sahabat, a joint venture between Premium Renewable Energy Sdn Bhd and 
FELDA to turn oil palm biomass into second-generation biofuels.
 • Algaetech, which announced that they will work on third generation biofuels 
and bioproducts from algae.
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Oil palm biomass
In 2012 oil palm land represented 2.5 Mha in Peninsular Malaysia and 5.1 
Mha in Sabah and Sarawak (MPOB, 2012). Eighty-seven percent of which, 
are on mature area, and 13% on immature area (Yearbook of statistics, 2012). 
The oil palm tree is a perennial plant whose economic life last about 25 years. 
Tenera hybrid is an improved variety currently widely planted. There are about 
two fructifications per year. Optimal soil is well drained, deep (rooting depth is 
40 to 50 cm) and fertile. The optimum growth temperature is 26° C and a 
relative humidity above 75%. Oil palm requires sun exposure of 165 hours per 
month. Oil palm is an intensive industrial crop and a monoculture. There is 
only one planting system practiced in Malaysia with a planting density of about 
150 trees per hectares. The annual water requirement is 1300 mm (about 
350L per tree). The harvest season is between July and September and 
usually begins 30 months after field planting. The peak of production of palm 
oil is between the 7th and 18th year of growth. Yields starts decreasing after 
the 18th year. Fruits take about five to six months to develop before they are 
ready for harvesting. The fruits are developed in large condensed 
infructescence and are called fresh fruit bunches (FFB). Economic life of a tree 
is approximately 25-30 years and after that, the trees are felled for replanting.
Primary residues, transformation processes, and secondary residues
Oil palm
Primary residues generated on the fields are trunks and fronds (above ground 
biomass). Significant quantities are available at each end of crop cycle 
(replanting). Some studies are available to estimate above ground biomass in 
oil palm fields. Lignocellulosic biomass residues that are produced include oil 
palm trunks (OPT), oil palm fronds (OPF), empty fruit bunches (EFB) palm 
pressed fibres (PPF) and palm shells.
Biomass palm oil mills use large quantities of water and energy and generate 
large quantities of solid waste, wastewater and air pollution. The solid wastes 
32
Sustainability of bio-jetfuel in Malaysia
Figure 13: Major palm oil producers and exporters - source: (MPOB, 2012).
may consist of empty fruit bunches (EFB), mesocarp fruit fibres (MF) and palm 
kernel shells (PKS). The liquid waste is generated from the extraction of palm 
oil in a wet process in a decanter. This liquid waste combined with the wastes 
from cooling water and sterilizer is called palm oil mill effluent (POME). 
The oil palm produces two types of oils, palm oil from the fibrous mesocarp 
and lauric oil (or kernel oil) from the palm kernel. In the conventional milling 
process, the fresh fruit bunches are first sterilized. The FFB are steamed in 
pressurised vessels up to 3 bars to arrest the formation of free fatty acids and 
prepare the fruits for subsequent processes. The sterilised bunches are then 
stripped of the fruitlets in a rotating drum thresher. The fruitlets are then 
conveyed to the press digesters.  In the digesters, the fruits are heated using 
live steam and continuously stirred to loosen the oil-bearing mesocarp from 
the nuts as well as to break open the oil cells present in the mesocarp. The 
digested mash is then pressed, extracting the oil by means of screw presses. 
The press cake is then conveyed to the kernel plant where the kernels are 
recovered. In this step EFB waste can be collected. The oil from the press is 
diluted and pumped to vertical clarifier tanks. The clarified oil is then fed to 
purifiers to remove dirt and moisture before being dried further in the vacuum 
drier. Palm oil mill effluent (POME) is not exploitable for bio-jetfuel.
Based on the official data available, we estimated that Peninsular Malaysia 
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Table 4: Estimation of oil palm residues and uncertainty of the data (Mt/year, fresh matter).
Nota bene: This estimation is highly imprecise, because the data is 
contradictory according to different sources, with methodologies of calculation 
of the sources, which may be disputable.
Figure 14: Oil palm mill processing flow chart in Malaysia.
produces up to 17 million tonnes of oil palm trunks every year, along with 
respectively 7, 9, 5, and 2 million tonnes of oil palm fronds, empty fruit 
bunches, fibre, and shells.
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Figure 15: Distribution of palm oil plantations in Peninsular Malaysia (ha). 
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Chemical composition of residues
The lignin, holocellulose and alphacellulose content were reported to be 
18.1%, 76.3% and 45.9% for oil palm trunk, and 18.3%, 80.5% and 46.6% for 
palm fronds respectively. The highest amount of lignin is found in the bark with 
21.85% (UNEP 2012).  Basically, the oil palm biomass contains is about 
18-21% of lignin, and 65-80% of holocellulose (alphacellulose and 
hemicellulose), which is more or less comparable with other wood or 
lignocellulosic materials (Hashim et al. 2011 & Kosugi et al. 2010). The highest 
starch and total sugar contents are found in the core of the trunk. Total sugars 
were composed of glucose, xylose, arabinose and fructose with high values 
found in the trunk core with 6.55 mg/ml of glucose, 6.2 mg/ml of xylose, 1.31 
mg/ml of arabinose and 0.04 mg/ml of fructose. From these values it can be 
concluded that the trunk could be an interesting resource material for sugars 
and starch.
Table 5: Chemical composition of oil palm biomass (% of dry weight).
Table 6: Starch and sugars content of different part of the oil palm.
Current use of palm residues
Oil palm tree can be used as lumber, pulp and paper producing materials, 
reconstituted boards and bio-composites. It has also been used as cellulosic 
raw material for panel production such as particleboard, medium density 
fiberboard or even block board. Even though oil palm wood can be used for 
panel production, oil palm-based plywood mills utilise only about 40% of the 
trunk leaving 60% to waste due to lack of desired properties (UNEP, 2012). 
The outer part is used for plywood, while the inner part is discarded. 
Furthermore OPT can be used for veneer lumber. This means that alternative 
resource from oil palm crops biomass waste, could fulfil the demand for 
alternative energy resource, and still provide substantial volumes for a 
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sustainable second-generation biofuel.
So far a considerable quantity of tree trunks has been burned in the field, as 
there is often little demand for the wood in such rural areas.  Fronds are 
normally left in the plantation as a mulching agent. However palm fronds and 
stems are currently underutilised.  Moreover, these oil palm wastes have 
created a major disposal problem. Therefore, maximising energy recovery 
from the wastes is desirable for both environmental and economic reasons. 
When properly used, it will solve disposal problems and create value-added 
products. Therefore, the oil palm industry must be prepared to take advantage 
of this situation and utilize the available oil palm biomass in the best possible 
way, to convert waste to wealth. Palm oil mills in Malaysia are self-sufficient in 
energy. Fibre and EFB are burned as fuel in the boiler to generate steam.
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Paddy biomass
Paddy
In 2012, 0.68 Mha of paddy were planted in Malaysia, among whom 0.50 Mha 
in the peninsula. Most of the paddy fields are wetland paddy. Only 0.07 Mha is 
dryland paddy. Paddy lands are mainly located in Kedah, Perak, Kelantan and 
Perlis states (Yearbook of Statistics, 2012). Between 2008 and 2012, the 
average production of paddy was 2.5 Mt in Malaysia. (Calculated with data 
from MDA). For Peninsular Malaysia the average production of paddy on this 
Figure 16: Paddy - rice flow chart in Malaysia.
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Figure 17: Distribution of paddy fields in  in Peninsular Malaysia (ha). 
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average production of paddy was 2.5 Mt in Malaysia. (Calculated with data 
from MDA). For Peninsular Malaysia the average production of paddy on this 
period was 2.16 Mt. In Malaysia the number of harvest seasons varies from 
one to two per year. A rice plant can produce until 30 stalks; roots are between 
40cm to 1m deep. The average yield for wetland paddy in Peninsular Malaysia 
between 2008 and 2012 was 4,199 kg/ha. Yield is lower for drylands paddy 
(865 kg/ha in Malaysia - 2008). There is a majority of smallholders among 
296,000 paddy farmers with 65% of them having less than one hectare. The 
average size farm is 1.06 ha. In Malaysia, mechanised paddy farming 
dominates but many traditional systems are still practiced.
Paddy straw is the main primary residue of generated by paddy cultivation. 
Rice straw Residue-to-Product-Ratios (RPR) values range from 0.4 to 3.9, 
based on the different practice of harvesting with an average moisture content 
of 12.71%. Given the variability of cultural systems in Malaysia, the uncertainty 
and variability of RPR values, a certain degree of uncertainty on the 
calculation for the potential quantity of residues is unavoidable. Rice husk is 
the major by-product of the rice milling industry and the most commonly 
available lignocellulosic material that can be converted to different types of 
fuels and chemical feedstocks through a variety of conversion processes. 
Husk represents 20 to 22 % of the paddy weight (Chouragade, 2012). 
Primary residues, transformation processes, and secondary residues
Chemical composition of residues
Rice straw is a by-product of rice production and is a great bio resource. Rice 
straw predominantly contains cellulose 32-47%, hemicelluloses 19-27%, lignin 
5-24% and ash 18.8%. The carbohydrates of rice straw include glucose 
41-43.4%, xylose 14.8-20.2%, arabinose 2.7-4.5%, mannose 1.8% and 
galactose 0.4% (Vasan, 2012).
Current use of paddy residues
Rice residues are an important source of energy for both domestic as well as 
industrial purposes. Most of the husk from the milling is either burnt or dumped 
as waste in open fields and a small amount is used as fuel in the rice mills to 
generate steam for the parboiling process, electricity, as a component of cattle 
feed or bulking agents for composting of animal manure. Very often, the bulk 
of the straws is left rotting in the field or is ploughed back into the soil as a 
conditioner and organic fertiliser. 
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Table 7: Chemical composition of paddy residues.
Table 8: Estimation of paddy residues and uncertainty of the data (Mt/year, fresh matter).
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Rubberwood biomass
Rubber
Rubber trees currently cover around 0.770 million ha in Malaysia. This 
situation is the result of a progressive decrease of the areas during the last 
decade. The total area was above 1,200 million hectares in 1998 and 
decreased to 0.99 million ha in 2012. Rubber trees are a perennial tree crop. 
Its economic life period is about 25 years. Rubber is adapted to equatorial 
lowlands with well-drained soil. In marshy area with poor physical properties 
and waterlogged conditions, growth of rubber is very weak. In Malaysia, 
rubber trees are supposed to be harvested after 25 years on average, when 
they are too old to produce latex at an economic rate. The mature trees are 
then felled. At replanting, large trees of economic value should be removed 
first followed by felling and removing of smaller trees and slashing of the 
under-growth vegetation. The replantation rates depends on the equation 
between rubber profitability compared to other crops, such as oil palm, and 
finally become “rubber activity” following the equation: replantation plus new 
plantations minus what is replanted with a different crop. With an average of 
25 year lag between the plantation and the harvest, the supply of rubberwood 
logs every year depends on how much hectares were planted 25 years ago, 
plus or minus a few years of adaptation by the smallholders (indeed, according 
to the fluctuation of latex prices, the farmers can decide to harvest their trees 
sooner when the latex price is too low, or to harvest later when the latex price 
is very good, making it more profitable to wait a few years more). Nowadays 
the sector is under intense pressure as it is at its lowest level ever of mature 
trees, but a wave of plantations done in the recent years is expected to 
change the situation in the coming years, with the maturation of all the young 
plantations (Roda et al., 2012).
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Figure 18: Flow chart for rubber sector in Malaysia, and current estimation from Roda, 2011 
( Malaysian Timber Council unpublished report).
Primary residues, transformation processes, and secondary residues
The only relevant lignocellulosic residue created in the rubber sector is the 
rubberwood. It originally is a residue of the latex business, but for the past two 
to three decades, rubberwood has become an important source of raw 
material for the panel and furniture industry. When the old trees are felled, 
before replanting, the trunks and the biggest fraction of logging residues are 
incorporated in the transformation sector. As Ratnasingam, showed (2012), 
the MDF sector already has integrated the use of milling residues in their 
manufacture (see Figure 18). Today the supply of rubberwood responds to 
cyclical dynamics, which generates tension in the market. Between 2010 and 
2011, it was estimated that the potential supply of rubberwood was 4 Mm3 in 
Peninsular Malaysia (Roda et al., 2012). The supply is expected to increase 
until 2030 – 2035 before another decline. Further prediction on rubberwood 
availability will depend on current trends on replantation (i.e., policies, 
subsidies, fluctuation of latex prices, demand of rubberwood furniture, etc.). 
Industrial projection for bio-jetfuel based on rubberwood residues in such an 
uncertain context seems limited. Thirty-five percent of the above ground 
biomass from rubber smallholdings is often left behind due to logistics and 
transportation reasons. (Ratnasingam and Jones, 2011). Further downstream 
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Figure 19: Distribution of rubber plantations in Peninsular Malaysia (ha). 
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Fluctuations of the availability of rubberwood biomass
The total area of rubberwood has consistently decreased since the 1980s. 
Replantation has decreased in general (from 0.07 million ha/year in the 1960s 
to 0.02 million ha/year in 2010). Rubberwood log prices have increased 
proportionally. The stock of standing trees has decreased in some states and 
increased in some others: this results in local supply disparities. Replantation 
programmes have been very cyclical, resulting in peaks and lows in supply 
(25±4 years later). Low levels of rubber tree replantation around 25 years ago, 
is the main reason of current supply difficulties: peaks of past replantation 
determine today!s supply. After the present crisis period, the next few years 
will temporarily witness a much better supply. Peninsular Malaysia has a total 
of around 4 million m3 of standing sawlogs & chiplogs within a year across 
2010-2011. Only in the recent years, did latex price become a strong factor in 
the supply situation. From 1949 to 2000 there was no real connection between 
hectarage and latex price. But when the total area fell below 1.3 million ha, 
latex price (SMR20) soared and the domestic price of rubberwood logs 
became directly dependant on the latex price.
Over the years, the trend of uptake has consistently been dictated by the 
availability of mature trees. The logs consumption by MDF & particleboards 
reaches around 3.1 million m3, while logs consumption in the furniture chain is 
around 0.6 million m3 / year (estimation between September 2010 to August 
2011). Despite the tension on the rubberwood market, there are more 
rubberwood volumes theoretically available (for sawn timber) than what the 
furniture industry is actually consuming. The gap is explained by lack of 
consolidation of the supply along the value chain, which makes the supply cost 
higher than expected, despite the good road network.
in the rubberwood sawmills and furniture industry, it is estimated that 
rubberwood could generate 1.484 million m3 of wood residues in Malaysia, of 
which 1.162 million m3 is in the peninsula, while Roda et al., 2012 estimated 
that only 0.3 million m3 of potential lignocellulosic waste is not already used. 
The chemical composition of rubberwood falls within the variability in 
composition of wood species, see the forest resource chapter.
Table 9: Potential and actual availability of rubberwood according to Roda, 2012 [1] and 
Ratnasingam, 2012 [2].
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Sugarcane biomass
Sugarcane
There are only 45,000 ha in Peninsular Malaysia (FAOSTAT, 2011), located in 
a few states in northern peninsula due to climatic requirements. A dry season 
is essential for good plant growth. The crop is absent in Sabah and Sarawak. 
Sugar cane gives a very high dry matter yield per unit of land area (Koopmans 
and Koppejan. 1997) and possesses a high valorisation potential for bioenergy 
in the countries where it is planted in large quantities. Between 2008 and 
Figure 20: Sugarcane industry flow chart in Malaysia.
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2013, the average annual production in Malaysia was 0.825 Mt/year. 
(FAOSTAT). The lack of sugarcane development in Malaysia reflects the 
higher remuneration received by farmers from other crops, especially oil palm. 
Large estates represent 85% of the sugarcane area with 60t/ha per year of 
cane stalks (that is 75% of the entire fresh weight). Smallholders represent 
15% of the area, yielding 40t/ha. The water requirements reach 150mm/
month. The plant need water during the growth period (first 8-9 months) and 
during the dry season of 4 months, watering is required at least every 15 days.  
Sugar cane is a perennial plant that requires tropical climate for optimal 
growth. Harvests take place during the dry period, between January and April 
in the west coast of Malaysia. Optimal period is when the sugar is 
accumulated in the stalks until it reached the maximum at maturity. Harvest 
can take place nine to twelve months after planting or after regrowth. The first 
step is to cut the stalks leaving the lower part (the strain) to allow the plant to 
regenerate. Manual harvesting can obtain 3-5 tonnes per day while 
mechanisation increases the rate to 60 tonnes of stalks per day. Fields are 
replanted every 5 to 10 years (CIRAD, 2014).
Primary and secondary residues
Traditionally large quantity of residues remain on the field after harvest. The 
major components of sugarcane residues on the field are straw, green leaf, 
sheath, tops, stalk including the presence of mechanical impurities such as 
roots and soil. In order to facilitate subsequent works, it is possible to burn the 
field but this practice is decreasing. The material tends now to be collected 
from the ground after mechanical harvesting. Conversely, bagasse comes 
from industrial processes involving repeated extraction steps. Bagasse is the 
fibrous by-product of sugarcane stalks milling for juice extraction.
Malaysia has four sugarcane processing facilities, one each in the states of 
Perlis, Kedah, Penang, and Selangor. Two of the facilities, Gula Padang and 
Perlis Plantations are integrated mills processing cane into raw and refined 
sugar with the added capability of refining imported raw cane sugar. The other 
two facilities are refineries handling imported raw cane sugar. One is across 
from Penang Island, and the other is located near Kuala Lumpur in the state of 
Selangor. Since Malaysia's sugar processing industry depends on imports for 
about 90% of its raw sugar, with the bulk being processed at Penang and 
Kuala Lumpur, bagasse is produced only in the two facilities in Perlis and 
Kedah. Bagasse, as well as sugar cane tops and leaves and sugarcane 
straws may be used as an energy source for steam generation, mulching 
Current use of sugarcane residues
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Figure 21: Distribution of sugarcane plantations in Peninsular Malaysia (ha).
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Table 10: Chemical composition of sugarcane residues.
agent, cattle feed or are burnt onto the field. Most sugar factories burn all the 
bagasse they generate, even at very low efficiencies. This is done to ensure 
that all bagasse is burned, as dry bagasse is known to be a fire hazard. In 
some countries bagasse is also used as a raw material for the paper and 
board industry. Worldwide as in Malaysia, the interest for second-generation 
biofuels based on sugarcane lignocellulosic residues is now becoming a real 
option.
Table 11: Sugarcane residues (* All sugarcane crops of Malaysia are located in Peninsula).
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Coconut biomass
Coconut
The total area of coconut plantation is about 0.11 Mha in Malaysia among 
which 0.065 Mha are on the Peninsula (MYS, 2012). The major states growing 
coconut are Perak (15,180 ha), Johore (21,250 ha), Selangor (10,320 ha), 
Sarawak (22,290 ha) and Sabah (19,150 ha). Between 2001 and 2013, the 
average production of fresh coconut was about 0.52 Mt per year. (average 
from MARDI - Department of Agriculture Malaysia). Coconut palm (Cocos 
nucifera) is a perennial plant able to grow in a wide range of soil types. 
Coconut palm begins to bear fruit after 7-10 years of cultivation and remain 
productive for over 100 years. Coconut in Malaysia is a smallholder's crop with 
91% under smallholder cultivation and 9% under estate management with an 
average coconut farm size of 2.8 ha and a production yield varying from 3,000 
to 8,000 nuts per hectare producing about 93% of the total coconuts in the 
country. Of the total area planted, 63% is located in Peninsular Malaysia, 19% 
in Sabah and 18% in Sarawak (FAO 2013). With increasing labour shortage, 
decreasing productivity of palms and the massive conversion of coconut lands 
to oil palm plantation and other more profitable crops, the country projects a 
continuous decline in coconut plantation area. However, coconut still plays an 
important role in the country's economy providing livelihood to about 100,000 
farmer families or in other terms to about 10% of the nation's farming 
community (Yahya et Zainal, 2014). Most varieties mature after 15 years and 
then offer a steady nut production for decades. The fruit matures in 12-14 
months after fertilisation of the flower. When the nuts are ripe they come off 
the bunch and fall to the ground where they are collected. Direct collection of 
coconuts depends on whether the consumer demand is for young coconuts or 
for matured old coconuts (coprah).
50
Sustainability of bio-jetfuel in Malaysia
Figure 22: Coconut industry flow chart in Malaysia.
Primary residues, transformation processes and secondary residues
There are three categories of primary residues from coconut cultivation, i.e., 
fronds and debris that are shed throughout the year, and wastes generated 
only at the end of the plantation life, when trees are felled before replantation. 
Coconut plantations are quite scarce and highly scattered in Malaysia, and the 
rotation is much longer than in oil palm plantations. Therefore primary residual 
biomass could hardly constitute an effective opportunity for bio-jetfuel. 
Current use of coconut residues
Coconut shell is used to produce charcoal. It is extensively used for the 
manufacture of activated carbon due to its high absorption capacity. Shell 
charcoal is then transformed into activated carbon, which has the ability to 
absorb effectively trace quantities of either unwanted or valuable liquids or 
gases. Activated carbon is used in solvent recovery processes, water and 
effluent treatment. Moreover 30% of the coconut husk is fibre and the leftover 
70% is coir dust (ICAR, 2013). Coir pith is used as manure (after composting), 
mulch material and to make briquettes. The coir pith briquettes can be used as 
a substitute fuel in the place of firewood for the tile and brick industries. The 
coconut wood is used for making wall panels, and furniture’s. Coconut leaves 
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Figure 23: Distribution of coconut plantations in Peninsular Malaysia (ha).
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Table 13: Estimation for coconut residues in Malaysia.
Table 12: Chemical composition of coconut residues.
are plaited for thatching houses and sheds. They are also used for making 
baskets, temporary fences, etc. Midribs of the leaves are used to make 
brooms.
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Woody biomass 
Forestry sector
There are 12 million ha in Sabah and Sarawak, and another  5.8 million ha of 
forest in Peninsular Malaysia. In the Peninsula, only 3 million ha are devoted 
to production, and this area is entirely ecocertified under PEFC. There are four 
types of forest residue that can be derived from the forest sector:
 • Logging residues: bark, stumps, tops, branches.
 • Sawmilling residues: sawdust, off-cuts, slabs, shavings and bark.
 • Plywood and veneer residues: veneer cores, defective ends, and irregular 
pieces of veneer sheets.
 • Secondary processing residues: sawdust, plane shavings, small pieces of 
timber trimming, edging, bark and fragments.
Most of the wood residues are left in the forest to rot, especially in sparsely 
populated areas where demand for wood fuel is low. However, forest residues 
also play an important role in soil fertility and the total removal of all above 
ground residues can accelerate soil degradation. Logging residues consist of 
12% stem-wood above first branch, 13.4% branch wood, 9.4% natural defects, 
1.8% stem-wood below first branching, 1.3% felling damage, 1.6% stump 
wood and 0.5% other losses (FAO Forestry Department, 2013).
Mill residues consist of two main groups. The first is made up of large pieces, 
bulk waste, while the second group consists of fine wood particles such as 
shavings, saw dust and sander dust. Recovery rates vary with local practices 
as well as species. Sawmill recovery rates range from 42 to 60% with an 
average of 51.6%. An ITTO study reported a recovery rate of 52% in the state 
of Terengganu after collecting data from 24 mills representing about 70% of 
Wood transformation and secondary residues
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Figure 24: Flow chart for forest and wood product sector in Malaysia.
the production in the state. Recovery rates are dependent on log diameter and 
size, and type of machines used.
In the round form, the logs contain about 12% waste in the form of bark. Slabs, 
edgings and trimmings amount to about 34% while sawdust constitutes 
another 12% of the log input. After kiln-drying the wood, further processing 
may take place resulting in another 8% waste (of log input) in the form of 
sawdust and trim end (2%) and planer shavings (6%) (Ratnasingam and 
McMullen, 2014).
Wood residue potential amounts to 13.98 Mt of fresh biomass in Malaysia, but 
with a uncertainty ranging from 6 to 16 Mt for Malaysia. 
Hardwoods, which constitute the major share of Malaysian woods, contain 
40-50% cellulose, 20-25% lignin, and 25-35% hemicelluloses.
Plywood and veneer production residues
Recovery rates vary from 45 to 50% with the main variable being the diameter 
and quality of the log. Of the log input, the main forms of waste are: log ends 
and trims (7%), bark (5%), log cores (10%), green veneer waste (12%), dry 
veneer waste (8%), trimmings (4%) and rejected plywood (1%). These form 
the largest amount of waste while sanding the plywood sheets results in 
another loss of 5% in the form of sander dust. 
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Figure 25: Distribution of forest in Peninsular Malaysia (ha).
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Current use of wood residues
A significant share of mill residues is already used for energy production under 
cogeneration. In Malaysia the single most important use of wood residues is 
as fuel. In sawmills, most of the secondary manufacturing residues are used 
as fuel in wood-fired boilers. Peninsular Malaysia nevertheless continues to 
generate a significant amount of wood residues, which are not currently used 
for any downstream process. All types of wood and secondary raw material 
are used for the production of particle board such as solid wood, solid wood 
residues (off-cuts, trimmings), low grade waste such as hogged sawmill waste, 
sawdust, planer shavings, etc. During the production process about 17% to 
40% of residues are generated in the form of trimmings, but this amount is 
recycled.
Table 14: Chemical composition of wood.
Table 15: Potential for forest and wood industry residues in Malaysia, in million tonnes / year 
(fresh matter).
57
9
Sustainable feedstocks for 
bio-jetfuel
All the six main sources of biomass in Malaysia produce substantial quantities 
of residues that are only partly used. This leaves room for sustainable 
feedstocks, provided that life cycle analyses confirm for each the perimeters of 
sustainable use versus unsustainable. Two major issues still remain. All the 
quantities are subject to considerable uncertainty, because of the data source. 
Firstly, official data often contradict themselves, differing from one source to 
another. Sometimes in the same report, different numbers are given at 
different pages, for the same biomass. Secondly, most of the commodities in 
question are already established in markets where the net value of the raw 
material makes them uneconomical for energy use except by valorisation of 
the residues or co-products. These residues and co-products are far from 
being completely used today. The potential for their effective valorisation will 
depend of several factors: competition with other possible valorisation, 
transport, preconditioning of the residues, location of the resource and the 
collection points and potential locations of bio-refineries.
Finally, the most important point is the fact that the largest pool of biomass 
seems to be residues of palm oil. These residues are already valorised for 
some part and recent technological advances as the recycling of oil palm trunk 
for composite wood and other higher value products may drastically change 
the real availability of these residues. But palm oil biomass is also constantly 
under attack by environmental groups and analysts, because of the link 
between oil palm plantation extension and deforestation. Taking palm oil 
biomass into consideration for bio-jetfuel generation can be a real question for 
some end-users, such as airlines, due to the sensitivities of their respective 
markets. Whether to take into consideration oil palm biomass or not, changes 
drastically the perspective. With oil palm biomass, the total potential biomass 
availability would sum up around 100 million tonnes of fresh matter in all 
Malaysia, or only 50 million tonnes in Peninsular Malaysia. Conversely, without 
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Figure 26: Potential for lignocellulosic resources from the major Malaysian crops.
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Figure 27: Potential for sustainable lignocellulosic resources from the major Malaysian crops, 
excluding oil palm resources
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oil palm biomass, all Malaysia would offer 20 million tonnes of fresh matter, 
among which 7-8 from the peninsula. These indicative numbers are subject to 
uncertainties of more than plus or minus 50%. Note also that in Peninsular 
Malaysia, the potential of available paddy residues might be significant and of 
the same order as that of the available forest products residues, given the lack 
of precision of the data.
Theoretical maximum bio-jetfuel production
Published bio-jetfuel conversion efficiency vary around 8.6 kg of dry 
lignocellulosic biomass per kg of Jet A-1, according to existing aviation-
certified processes (Matas Güell et al., 2012). Optimistic approaches project 
6.1 kg of dry biomass per kg of Jet A-1 (unpublished Airbus Group 
communication, this study). Based on the latest, Malaysia would be able to 
produce a theoretical maximum of 8.5 million litres of jetfuel per year. However 
the real sustainable jetfuel production would certainly be less.
Firstly, oil palm residues represent the overwhelming quantity of the theoretical 
maximum feedstock. But only 20% of the area of productive oil palm in 
Malaysia today, is certified under RSPO, the only internationally recognised 
scheme of sustainable oil palm plantations. The sustainable feedstock from oil 
palm is 5 times smaller than the theoretical maximum. Taking in account only 
20% of sustainable oil palm residues, Malaysia can produce a maximum of 3.8 
million litres of sustainable jetfuel per year. 
Secondly, given widespread international environmental concerns on any kind 
of oil palm, it could even be possible that some international airlines flying to 
and from Malaysia would prefer avoiding any blend from oil palm residues. 
Rubberwood, sugarcane, coconut and paddy cultivations are not linked to 
deforestation, and their lignocellulosic residues probably wouldn’t create any 
major environmental concern among the international community. These crops 
are extremely important for the livelihoods of Malaysian smallholders. The 
entire forest production of Peninsular Malaysia is eco-certified under PEFC, 
the world's largest forest certification scheme. Thus, excluding palm oil and 
sourcing only on other sustainable feedstocks, Malaysia would be able to 
produce up to 2.5 million litres of sustainable jetfuel per year. 
Entire Malaysia consumes over 3 billion litres of jetfuel per year. Of all 
passenger traffic, approximately 5% travels to Europe. Consequently, it is 
possible to achieve up to 6% of biofuel blend on all flights to Europe, departing 
from Malaysia. Similarly, it is possible to achieve up to 3% of sustainable 
biofuel blend on all flights to Europe, or up to 2% of sustainable biofuel blend if 
excluding oil palm feedstocks.
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LCA of agricultural production 
systems – the case of paddy
A comprehensive literature review was conducted for the main agricultural 
crop production systems in Malaysia. The goal of this review was to identify 
relevant research, available in the international literature in relation to the 
environmental aspects. As described in the previous chapter, the overall 
environmental assessment is of interest at this stage, thus the review was not 
limited to Life Cycle Assessments of the crops but it also included other 
environmental frameworks such as Greenhouse Gas Accounting, Energy and 
Emergy Analysis, and Environmental Impact Assessment (EIA). An additional 
reason to consider other environmental frameworks was the limited, in most 
cases, Life Cycle Assessment studies conducted for the Crop production 
systems in question. Finally, in certain cases, a narrow literature review was 
performed on the processing and production of biofuel from the products and 
by-products of the crop production systems in question.
The analysis of biomass availability, logistics costs and possibilities for 
biomass collection, biomass conversion processes, and socio-political context 
for biofuel promotion, will allow defining bio-jetfuel development scenarios in 
Malaysia. Environmental Life Cycle Assessment (LCA) will then be used to 
predict the potential environmental consequences, from well to wheel, of the 
implementation of these scenarios and to help decision making. This chapter 
aims at defining the methodological framework for the environmental 
assessments to be carried out, addressing the main issues and requisites.
Since the last twenty years saw an important increase in environmental LCA 
studies applied to food and bioenergy production systems and a rise in 
methodological issues specific to biomass-based systems, the content of this 
chapter is mainly based on a literature review about these items, following the 
classical LCA pattern (see Figure 28): Goal and scope definition, Life Cycle 
Inventory (LCI), Life Cycle Impact Assessment, and Interpretation.
Environmental Life Cycle Assessment (LCA) 
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The analysis of the studies, focusing on the environmental impact of various 
agricultural practices, lead to a number of practical conclusions:
 • Most of the paddy rice experimental studies are more interested in the 
comparison of the impact of different agricultural practices than the simple 
calculation of the Global Warming Potential of the product.
 • Paradoxically, Global Warming Potential seemed to decrease with the 
increasing rate of application of inorganic fertilizers. A similar rate of increase 
in yield of paddy rice was not identified.
 • According to the studies, the normally practiced fertilization rates, between 
100-200 kg N/ha, in most farms have little or no effect on field emissions of 
paddy rice. Higher fertilization rates have to be implemented in order to see a 
visible decrease of methane (CH4) emissions.
 • Organic amendments increased Global Warming Potential and seemed to 
be generally worse in yield-scaled Global Warming Potential than the standard 
NPK fertilizer treatments.
 • Biomass residue incorporation increased CH4 emissions by a factor of 2-10, 
across completely different system configurations. This casts a shadow to the 
sustainable character of incorporation strategies.
 • Biogas residues or composted manure, on the other hand, seemed to have 
little or no effect on CH4 emissions. This is probably due to the lower C/N ratio 
of the composted or digested biomass. Rice straw has a quite high C/N ratio 
(around 60).
 • Irrigation practices that introduce drainage events seem to have a 
considerable effect on CH4 emissions. They also generally seem to increase 
carbon stocks and yields of fields.
 • No tilling was shown to have lower CH4 emissions than conventional tilling 
techniques. A part of this reduction comes from the reduced mechanical work 
required and the avoided combustion of fuels and use of electricity. 
 • A correlation was identified between organic carbon in the soil and reduced 
CH4 emissions. Perhaps strategies that induce increase of carbon stocks in 
rice field should be aimed, in order to reduce their Global Warming Potential 
impacts at the same time.
The case of Paddy
Synthesis
The choice of a broad environmental assessment shows its strengths in the 
case of rice. Of course data availability and consistency of methods play a 
role. But the way the methods are connected that leads to a better 
understanding of the crop's peculiarities is clear. The Life Cycle Assessment 
studies of the crop, as expected, suggested a variety of different systems, with 
many different assumptions and methods, based on different cropping 
systems, in different areas of the world. However, it was precisely all these 
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differences that allowed us to make the necessary step: to identify the main 
environmental hotspot of the crop and the culprit responsible for creating it. 
It was clear, after understanding that Climate Change was the most interesting 
impact category for rice, and the investigation on the main determinants of 
Greenhouse Gas emissions, that field emissions and specifically those of CH4 
were responsible. The studies that were investigated afterwards were selected 
according to this criterion. However it was interesting to discover that these 
studies, specifically focusing on Global Warming Potential emissions of paddy 
rice cultivation, were not really interested in the simple quantification of Global 
Warming Potential emissions but rather in the understanding of the impacts 
different agricultural practices and mitigation strategies had to these 
emissions.
The study then naturally focused on identifying practices that reduce CH4 field 
emissions, and so reduce the total Global Warming Potential of paddy rice 
production. But still, these insights are only valuable when they are connected 
to the context of a 2nd generation biokerosene production system, the focus of 
this study.
Opportunities and barriers for the use of biomass residues, the goal of the 
research, can be identified from the previous analysis. When it comes to 
biomass residue management, it was clear that their incorporation to the 
fields, a mitigation strategy normally seen as sustainable, lead to an increase 
of CH4 emissions and total Global Warming Potential of paddy rice cultivation. 
Figure 28: Approaches and environmental assessments results that are relevant to Malaysia.
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Since the cultivation phase was previously identified as the major contributor 
in every bioenergy supply chain, the decision not to incorporate these residues 
in the field provides both a decrease of Global Warming Potential and an 
opportunity for feedstock appropriation. The paddy rice growers, by selecting 
to remove the biomass residues, that is rice straws, from the field can reduce 
their environmental impacts, create a new revenue from these resources, and 
provide a valuable input to the biokerosene production system. Furthermore, it 
was discovered that residues that have been previously processed, either by 
anaerobic digestion or enzymatic hydrolysis, have their C/N ratio lowered and 
can be transformed into biomass residues that can be incorporated into the 
fields without increasing CH4 emissions. Therefore, increasing returns can be 
achieved by the connection between paddy rice production and biokerosene 
production, benefiting both parties.
The central problem of biomass residue extraction, that is the eventual 
reduction of the yield and carbon stocks in the field, can also be mitigated by 
other strategies that also reduce total Global Warming Potential of cultivation. 
A strong correlation was found between increasing fertilizer inputs and 
decreasing CH4 emissions, while providing the expected results of increasing 
the yields of paddy rice cultivation. Therefore, more rice and more biomass 
residues can be produced, residues that bring along a lower Global Warming 
Potential impact. This strategy therefore is beneficial to the short-term 
performance and long-term sustainability of a biokerosene production system. 
Reducing the Global Warming Potential of cultivation and ultimately providing 
biokerosene that is even more advantageous against fossil kerosene improves 
the short-term performance of the system. Providing consistent, or increasing, 
biomass production in the region, despite the extraction of residues, assures 
the long-term sustainability of the system. In the same way, irrigation practices 
that allow for a partial drainage of the fields were shown to also decrease the 
CH4 field emissions significantly and increase yields, so they are also seen as 
beneficial to the farmers and the BPS.
It is clear, from this analysis, that mitigation strategies aimed at reducing 
environmental impacts of cropping systems, in this case paddy production 
systems, are not in conflict with strategies that aim towards an implementation 
and a sustainable development of a 2nd generation biokerosene production 
system. More research is required on the above strategies, the share they 
represent in the typical strategies of Malaysian growers, and the difficulties of 
transitioning from other business-as-usual strategies to them. All these issues 
should be discussed with the growers and producers of paddy rice and will 
have a great impact on the feasibility and limits of using paddy rice biomass 
residues. 
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Logistics 
and transportation
Malaysia covers 33 million ha, among which the peninsular represents only 13 
million ha. The topography is very variable and has strong influence both on 
the land use and on human activities. Historically and still today, most of the 
agricultural development, industries and transport network spread on the West 
side of the central mountain range that runs along the peninsula. Transport 
and general logistic costs make the larger share of the components of supply 
cost for most of the biomass for energy (Giampietro et al., 2006; Athanasios et 
al., 2008). The fragmentation of the resource tends to increase collection and 
supply costs (Sturmer et al., 2011) despite a rather good transportation 
network (Rosena, 2008). Malaysian industry players have identified generic 
difficulties applying to the Peninsular Malaysia, especially issues regarding:
 • integration and coordination,
 • management techniques among the supply chain companies,
 • with Information technology / electronic data interchange,
 • skilled and trained manpower,
 • sources of logistics data and information and dissemination of it,
 • assistance to local service providers (LSP),
 • research and development (R & D) of the industry,
 • regulatory tools for facilitation.
Sabah and Sarawak have a limited road network, with a lot of connections 
made through tracks or river transport. Their location across the South China 
Sea hampers their connectivity to transport low value biomass, while their 
higher value goods such as timber products and palm oil often travel through 
Chinese harbours or other neighbouring countries, rather than through 
Peninsular Malaysia. Conversely, most of the peninsula west coast is well 
equipped with a dense road network and highways and one Singapore to 
Thailand railway. The east side of the peninsula, which offers most of the 
biomass standing stocks (plantations and forests) is much less connected by 
Logistic potentials and constraints
Biomass supply chain and logistics issues
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Figure 29: Location of major logistic connections in Peninsular Malaysia. 
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Figure 30: Road network in Peninsular Malaysia. 
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the road with only one easy West-East corridor. It connects the two coasts 
through a lower passage in the central range. Other lesser roads connect the 
East coast but imply long transportation delays.
One major international airport hub is located near Kuala Lumpur, and 3 other 
airports are classified as “international”; Johor, Penang, and Langkawi) but 
attract much less traffic than Kuala Lumpur and Singapore. Singapore, just 
across a bridge from Johor is a major hub of Southeast Asia, and could easily 
represent another market for bio-jetfuel sourced from the peninsular biomass.
There are six federal ports in Peninsular Malaysia. The East coast ports 
chandelle oil and gas products, and could represent an alternative to the 
limited East-West road connections, provided that some multimodal solutions 
could be economically developed for biomass or for bio-jetfuel, according to 
handling constraints of raw material or according to the location of the 
potential refineries.
Biomass supply chain and logistics issues
The cost of raw material depends on the distances, and on the size of the 
trucks. There are 4 common categories of trucks in Malaysian logistics. The 
biggest, 26T “prime mover” is never seen transporting raw material, and is 
adequate for finished products. 10-12T trucks can be seen supplying the big 
mills, which have the capacity and the purchasing power to secure large 
Figure 31: Examples of the 4 trucks categories: 1T, 3T, 10T, and 26T trucks (source: this study, 
web pictures).
1-2T 3T
10-12TPrime mover - 26T
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Figure 32: Cost curves of 4 truck categories vs transportation distance (source: this study).
harvesting auctions. Smaller trucks, especially the 1T trucks, are the most 
common to source from the scattered resources.
Each of these truck categories implies a different cost curve, the smaller truck 
implying the higher transport cost in Ringgit Malaysia per tonne per kilometre. 
The following scenario shows the dramatic influence of truck size on the cost 
of raw material: if a company contracts a transporter to carry rubber logs over 
150 km, the prices varies dramatically from more than 3RM/T/km with a 1T 
truck, to around 1RM/T/km with a 10T truck. A similar scenario illustrates the 
effect of the combination of the transport cost factor versus the location of a 
company and the uneven spread of the resource. Given a profitability of the 
transport being limited to 150 RM/T only, companies situated in Muar (in 
Johor) or in Sungai Buloh (in Selangor), could have different access to the 
resource, by using different size trucks. Hiring 1T trucks would make more 
than 97% of a given resource, excluded from the reach of a biorefinery in 
Johor. However, it would exclude only 93% of it if the refinery is in Selangor. 
Conversely, hiring 3T trucks would make the first company able to access 14% 
of the resource, the others would access up to 30% of it.
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Figure 33: Shares of rubberwood resource economically accessible to: respectively Johor and 
Selangor possible biorefineries, when transporting logs with 1T, 3T, 10T, and 26T trucks, for a 
profitability threshold of RM150/T (source: this study).
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Procurement consolidation
The major drawback of the resource supply is the sensitivity of supply cost to 
the uneven spread of the resource. This makes the location of biorefineries 
critical for the long-term feasibility of biofuel production. This effect is the main 
reason for the potential difficulties faced by some biorefinery locations for a 
given resource, as per the above scenarios.
However, tackling the problem upstream, at the transport stage, would have a 
huge lever effect on the situation. For example, the panel industries have a 
very high purchasing power because of the big size of their industrial units. 
This makes them able to buy large quantities and to consolidate transportation 
with big trucks.  As their purchasing power is proportional to their capacity, and 
also to transport distance, one can compute the limits of the zones where each 
of these industries is virtually the strongest purchaser.
In order to emulate them, the possible biorefineries could consider “group 
buying” and consolidated logistics. As shown with the example of rubberwood 
transportation, a supply consolidation, which would allow using bigger trucks, 
makes easily 70 to 100% of the resource economical to access by the 
smallest players, just by the scales economies gained using bigger trucks.
Table 16: Transportation costs over a 150 km distance for different truck sizes (source: this study).
Table 17: Percentage of the resource excluded, with a transport profitability threshold 
of 150 RM/T, for different truck sizes, and for 2 demand centres (source: this study).
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Socio-political framework 
Trends: the biofuels are seen as controversial
The main negative concerns about biofuels are:
 • competition with food,
 • doubts about their ability to meet some or all of their stated objectives. 
The global production of biofuel is currently estimated around 100 billion litres 
(HLPE, 2013). It raised issues about competition with food and arable lands (in 
the recent years, grain and edible oil prices increased by 70 to 120%, world 
food markets experienced the largest price shock in 30 years). 
Competition can happen through direct land use change (on arable lands, 
direct replacement of food crops by energy crops), thus decreasing the 
production of food. It can be through indirect land use change. In that case 
biofuel crops may change market conditions, either resulting in crops and 
livestock areas to be less profitable, or in diverting existing productions from 
food use to energy use. Today’s biofuel production probably mobilizes around 
2 to 3% of arable lands globally (HLPE, 2013). 
Issues raised concerning biofuels also include climate change, energy 
security, and declining oil reserves. For example, some biofuel production 
systems actually emit more greenhouse gases than fossil fuels. Others might 
be sustainable, but unable to produce the vast quantities of energy required.
Advanced biofuels are emerging: new policies try to shift towards second 
generation biofuels which are produced from residues of crop, forest, and 
industrial wastes (non-food).  Few tropical countries have the resources to 
move forward to second generation biofuels, given the often proprietary nature 
of this technology, the high capital investments required, and the induced 
requirements for infrastructures, logistics and human capital (HLPE, 2013).
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The most famous mandatory certifications achieving sustainability objectives 
are the Energy Independence and Security Act (EISA) from the USA, and the 
European Union’s Renewable Energy Directive (EU-RED).
The EISA stipulates standards for biofuels, with required GHG emissions 
profiles compared to conventional petroleum fuels emissions.
There are three ways of complying with the EU-RED: 
 • To prove evidence of compliance with the national member state system 
where the biofuel is used,
 • To meet the terms of a bilateral or multilateral agreement approved by the 
European commission (EC),
 • To refer to a voluntary certification scheme approved by the EC.
In Asia, the main example is the Indonesian Sustainable Palm Oil. It is 
mandatory for all palm growers in Indonesia, and stipulates standards for 
agricultural practices.
Mandatory certification for feedstock and biofuel sustainability
As a result of the criticism toward biofuels (especially the 1st generation), 
several governance mechanisms have emerged: they may take the form of 
legislation, international agreements, jurisdictional guidelines, company 
policies or market-based certification schemes.  There are several recognised 
certification schemes, following two main models: mandatory certification or 
voluntary certification. Note that NGOs like WWF, with the help of the private 
sector, developed private certification schemes to overcome the lack of 
national regulations concerning biofuel production and certification.
The international regulatory framework
Voluntary certification for feedstock and biofuel sustainability
This kind of scheme is linked to voluntary adoption of production standards 
and certifications evaluated by an independent third party: the producer has to 
cover costs for complying with the standard, or has to transfer this cost down 
to its customers. Three certification schemes can address biofuel feedstock 
production, processing and trade:
 • the Roundtable on Sustainable Palm Oil (RSPO),
 • the Roundtable on Sustainable Biomaterials (RSB),
 • the International Sustainability and Carbon Certification (ISCC).
Three more certification schemes are not strictly related to biofuel feedstock 
production, processing and trade. They certify the performance of forestry 
operation. However, these certifications are very important for bio-jetfuel 
because they are relevant to second-generation biofuel projects using the 
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woody biomass:
 • the Forest Stewardship Council certification (FSC),
 • the Malaysian Timber Certification Scheme (MTCS),
 • the Programme for the Endorsement of Forest Certification (PEFC).
They still lack aspects on GHG emission reduction, but somehow incorporate 
LUC issues since they ban deforestation. The FSC scheme may gain future 
relevance with second-generation biofuel development because it is the only 
certification scheme, which prohibits the use of genetically modified 
organisms.
The RSPO is the major certification in Malaysia and probably the most visible 
internationally because of the controversies around palm oil. The RSPO, 
established in 2004, aims to include all stakeholders, from producers and 
consumers to banks and environmental conservation groups. It essentially 
focuses on agricultural or feedstock production aspects (does not cover 
transport and processing). The RSPO Principles & Criteria consist of 8 
principles and 39 criteria with 123 specific national indicators: they form the 
performance indicators for RSPO Certification.  However, a lot of criticisms 
have been arised on its efficiency in addressing environmental concerns (e.g., 
the role of the RSPO in protecting rainforests).
Roundtable on Sustainable Palm Oil
Roundtable on Sustainable Biomaterials
The RSB was created in 2007, and it applies to all operators and products in 
the biomass and biofuels industry. It is a voluntary standard proving that your 
product is responsibly produced. The European Comission recognizes the 
RSB certification: it allows access to the EU market as sustainable biofuels. It 
is the only standard which covers the entire value chain from farm to end-user. 
The certification requires: 1) proven 50 % cut in GHG emissions for a blend of 
biofuels, compared to fossil fuels, 2) the operators have to meet regulatory 
GHG requirements in the region where they operate, 3) compliance with 12 
principles and criteria.  However, there are some criticisms made today on this 
certification in the form of the lack of local or regional adaptations of the 
scheme, and on the laws themselves. In terms of environmental and social 
criteria, WWF denounces its weak spots with respect to the criteria for 
handling non-GMO materials.  Furthermore, the RSB does not include specific 
direct or indirect land use changes. In Malaysia, this certification is not well 
known, even for the stakeholders: it seems to them that it is more expensive 
and harder to get, than ISCC. 
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The MTCS is developed under the Programme for the Endorsement of Forest 
Certification (PEFC). The Malaysian Timber Certification Council was 
established in 1998 as an independent organisation to develop and operate 
the MTCS. As a voluntary national scheme, the MTCS provides for 
independent assessment of forest management practices, to ensure the 
sustainable management of Malaysia’s natural forest and forest plantations, as 
well as to meet the demand for certified timber products. The MTCS is the first 
tropical timber certification scheme in the Asia Pacific region to be endorsed 
by the PEFC, the world’s largest forest certification programme, representing 
more than 200 million ha MTof certified forests worldwide. The entire 
Peninsular Malaysia productive forests have been certified under this standard 
for the management, which represents a total area of 4.7 million ha, or 26.6% 
of the total forested area in Malaysia.
International Sustainability and Carbon Certification
The ISCC focuses on greenhouse gas reduction through the value chain, 
sustainable land use, protection of natural habitats and social sustainability for 
the feedstock production. This certification can be both an alternative and a 
complement to the RSB. Based on the EU-RED, ISCC requires a minimum 
GHG emissions saving of 35% (rising to 50% in 2017 and to 60% in 2018; that 
is to say for installations in which production starts from 2017 and onwards). 
Feedstock production also needs to comply with 6 principles. Most of the 
Malaysian biofuel companies are certified ISCC. If a company or a plantation 
is RSPO certified, it can easily switch to ISCC (it is much harder to switch from 
RSPO to RSB: contrarily to the RSB, in RSPO there are no specific criteria on 
the residues, wastes and by-products). The main criticism on this certification 
is that a social and environmental management system is not explicitly 
required, for example there are no requirements in connection with the 
spraying of pesticides or health protection, working hours, and remuneration of 
the workers.
Forest Stewardship Council certification
The FSC (founded in 1993) is an independent non-governmental and non-
profit organisation to promote sustainable forest management. The framework 
includes 10 principles and 56 criteria. Two of the major criticisms of this 
certification are that it is often impossible to obtain for small and medium sized 
enterprises in developing countries, due to the high cost involved, and that it 
has not really contributed to curb deforestation since its creation.
Malaysian Timber Certification Scheme & PEFC
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Malaysian agriculture has drastically changed since the independence of the 
country. Figures from 1957 show that the primary sector accounted then for 
46% of GDP against 14.3% in 2003. The country  has undertaken several 
development policies in the rural sector since independence. At that time, the 
country had to face 3 major problems: 
 • rural poverty affecting mostly the Malay rice farmers, 
 • difficult governance of the country, due to the communist guerrillas, 
 • low productivity of the agricultural sector causing a serious rice deficiency.
National agricultural policies have subsequently focused on land use 
conversion from forest to agriculture, a strategy to address the problem of 
landless agricultural households, and to increase the income of rural 
communities. The smallholders sector is operated by individual farmers. The 
collective acreage of land operated by smallholders now amounts to 75% of 
the total area under agriculture. They are the main contributors to food crop 
production as well as industrial crop production (oil palm, rubber, cocoa, 
pineapple) with the help of development and management federal 
organisations (FELDA, FELGRA, RISDA etc.). The typical smallholdings range 
from 2 to 4 hectares. Conversely, the estate sector is characterised by 
holdings of more than 40.5 hectares, generally owned by private companies 
and public-listed corporations. It has progresively decreased, now 
representing 25% of the agricultural area.
Malaysian agriculture: a development issue
Forest management and governance
National parks and wildlife reserves are managed by specific institutions such 
as the Forestry Department Peninsular Malaysia (FDPM) at federal level, and 
Forestry Departments in each state. As their function is dedicated to 
conservation, these areas are not  considered for this biomass survey. 
Situation of feedstocks in Malaysia
Malaysia’s main agricultural crops are oil palm, rubber trees, cocoa, paddy 
and coconut. Malaysia, like Indonesia, has large palm oil plantations. The two 
countries account for more than 80% of total palm oil production in the world 
(Mukherjee et al., 2014).
Except paddy, all other crops have experienced a decline in their cultivated 
area. Oil palm plantations, more profitable for both for smallholders and for big 
companies, gradually replace the other crops. 
Approximately 20% of Malaysian oil palm productive plantations are certified 
under the RSPO scheme.
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Each State Forestry Department is divided into Forest Operations and Forest 
Development Divisions. These Divisions are supported by the District Forest 
Offices. The National Forestry Council, created in 1971, is the organisation in 
charge of facilitating the coordinated work between the 2 levels of power in 
order to plan the forest management and maintain the forest as a long term 
renewable resource. The decisions of the Council depend on the state 
governments except if the matter falls under the federal government 
jurisdiction. The forestry laws concerning management, planning and forest 
renewal operations were standardized and strengthened in 1978 under the 
National Forestry Policy. In 1984, this Policy was revised through the National 
Forestry Act in order to better deal with environmental protection, the 
conservation of biological diversity, forest encroachment and illegal logging.
The National Forestry Policy was amended in 1993 to strengthen some 
aspects of the policy (after Rio Conference Rio, 1992). These amendments 
were welcomed because they suited with the nation's aspiration in pursuing a 
better living quality for the future generations. Even if Sabah and Sarawak 
developed their forest policy independently, they share many similarities with 
Peninsular Malaysia, thanks to the implementation of the National Forest 
Council whose role is also to help in adopting common approach to forestry 
issues.
Forest and wood residues offer a significant potential of biomass. But the use 
of residues directly produced in the forests, is often subject to criticism from 
public opinion, being linked to logging activities. Furthermore, removing more 
biomass, detritus and dead organic matter from the forest floor might harm the 
regeneration function of forests as it causes depletion of the soil’s fertility. 
Tropical soils are highly dependent on dead leaves and decomposing plant 
material to maintain nutrient and carbon cycles. This issue could lead to 
conflicts with NGOs, and compromise the current state of certifications.
Using wood/tree-based by-products and wastes as a potential source of 
biomass, offers synergy opportunities. Today, Malaysia is the second largest 
tropical timber exporter in the world. The timber industry is widely developed 
and contributes to various sectors such as furniture and components, panel 
products, mouldings and joinery, and construction. Scraps, split logs, sawdust 
and otherwise factory floor wastes at the processing and manufacturing level 
would be excellent feedstocks, rather than to be burned in open air for their 
disposal. Note that the idea of using process wastes is not new, many by-
Feedstocks perspectives
Forest sector
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products already have an important commercial use. The problem concerning 
these products is the wastes availability with some industry players who have 
already developed cogeneration systems, and already use all their wastes. 
However in the Malaysian industry, the complete use of wood residues for 
cogeneration is far to be widely developed, and most it still forms a large 
source of available biomass.
Paddy
Since the Third Malaysian Plan (1976-1980), Malaysian policies have 
supported the rice sector. With the 2008 world food crisis, the Malaysian 
government considers food security as an integral national policy, which is 
synonymous of rice security. In 2012, Malaysia produced 62.5% of its 
domestic consumption but the aim is to be 100% self sufficient by 2015. Paddy 
is the only crop that has not experienced a decrease in its area cultivated with 
the oil palm. Seen from a political-economy perspective, paddy seems to be 
one of the most suitable crops for bio-jetfuel, because a balanced use of its 
residues would not cause any major environmental problem. There are some 
challenges concerning the global sustainability of the sector. For example, 
some farmers stop their activities for better economic alternatives such as jobs 
in the industrial sector. Moreover, the government has launched programmes, 
especially under Bio-TechCorp, to develop GMO paddy in order to reach rice 
self-sufficiency. Even if using GMO products is still accepted in RSB or ISCC 
certifications, it is still a potential source of controversies for European end-
users. 
Sugarcane
Lignocellulosic wastes from sugarcane contain high level of energy that could 
be an important potential for bio-jetfuel, but there is neither specific public 
policy nor incentive on this crop. The 2010 National Agricultural Policy did not 
give attention to increase or improve sugarcane production compared to oil 
palm or other crops. The production of sugarcane in Malaysia is small; the 
country depends on sugar import. From an environmental point of view, 
sugarcane is a water-intensive crop, which can create problems in regions 
with dry seasons, but this is not an issue in the Malaysia because of its 
important and even rainfall. 
Rubber
For a long time rubber was a strategic sector in Malaysia but the national 
economic structure was changed since independence through diversification 
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of export products, and this sector has been critically reduced. The Malaysian 
Government has taken steps to provide better incentives through the Pioneer 
Status and Investment Tax Allowance schemes (Investment Act, 1986). 
Despite those 2 initiatives, rubber plantations remain financially difficult for 
small farmers. Even if some of the policies and programmes (2010 National 
Agriculture Policy, ETP) include the support of the sector, the discourse hold 
by the government through the Ministry of Plantation Industries and 
Commodities do not consider it as a promising sector for biofuel production. 
Almost all of its lignocellulosic residues are already valorised for furniture 
making of for the board and panels industry. The supply costs of rubberwood 
are pushed up by this demand. Thus any biofuel valorisation would be 
economically difficult.
Coconut
This crop is not suffering major criticisms and controversies around the world, 
neither from an environmental point of view, or from a social perspective. 
There is currently no specific programme or initiative for this sector. A national 
conference was organized in 2009 to “revitalize the coconut industry” but it did 
not end up with promising solutions. Given its limited quantities of available 
residues, this crop would not be a major feedstock, but it can be used as a 
perfect complementary source of biofuel.
Oil palm
This crop is the most supported in Malaysia (National Biofuel Policy/ Economic 
Transformation Programme/ National Biomass Strategy, etc.). The focus on 
energy seems to favour biodiesel for land transportation, using palm oil. But 
the palm oil market price is so high that no biodiesel plant can be profitable 
without government subsidies. So far, lignocellulosic residues offer huge 
quantities, and could be a very large feedstock for bio-jetfuel. However, there 
is already a developing trend for the use of these residues: furniture makers 
are already starting to valorise it for composite wood, and cattle industry is 
beginning to feed animals with the stems, for their high contents in sugars. 
These emerging markets could develop quickly and end up in making market 
prices sufficiently high for a difficult economic competition with any bioenergy 
valorisation, as it already happened with rubberwood. Nevertheless, the 
immediate risk lie in the possible environmental criticisms by the international 
community, for the direct and indirect links of oil palm with deforestation. Only 
20% of Malaysian oil palm productive areas are certified as sustainable under 
RSPO, and RSPO itself is criticised by some NGOs.
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Figure 34: Opportunities and risks according to feedstocks.
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Through the National Biofuel Policy (2006), the Malaysian Government has 
introduced the use of B5 blended biodiesel (95% petroleum diesel and 5% 
biofuels). In 2006 and 2007, 92 biodiesel projects have been approved in 
Malaysia. In 2012 most of them have been closed because of high 
international prices for crude palm oil. It makes most of the biodiesel plants 
difficultly profitable without heavy subsidies. In 2013, the Malaysian 
government announced that B10 blended biodiesel would become mandatory 
to encourage again the biodiesel industry.
In Malaysia the biofuel sector is slowly emerging. A national objective is 
visible; through the “2020 biomass strategy”. For now the government 
attention mostly focuses on the oil palm sector.
The creation of the Centre of Excellence on Biomass Valorisation, with 
collaboration between the industrial sector, universities, research 
organizations and governments has become one of the important tools to 
reach a real national development. 
Situation of biofuels in Malaysia
National policy on biotechnology
To support biotechnology as one of the key strategic drivers to develop the 
country, the Ministry of Science, Technology and Innovation implemented the 
National Biotechnology Policy and Biotech Corp (a dedicated biotechnology 
agency). The policy covers the biofuel sector and the aviation sector.
Inventory of past and current biofuel incentives
Due to the energy crisis in 1973, the federal government has implemented 
policies to improve energy security (Petroleum Development Act, National 
Energy Policy, National Depletion Policy) and to diversify the sources only 
based on petroleum and gas (Four Fuel Diversification Policy). Malaysia 
started developing these policies also to promote employment; raise incomes 
and boost export earnings.
Although, the government biofuel policy assumes that biofuels will reduce 
greenhouse gases emissions and pollutions, the environmental issue was at 
first not a priority. The first policy on renewable energy was introduced in 2001 
to reduce dependency on fossil fuels.
In 2006, the government developed ambitious biofuel policies through the 
National Biofuel Policy. The policy provides the overarching framework to 
develop biofuels as one of the five main energy sources for Malaysia. The 
main point was B5 blended biodiesel launched in phases, starting with the 
central region.
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In 2007, the Biofuel Industrial Act was enacted with the purpose of providing 
legislation for the mandatory use of biofuel, licensing of activities relating to 
biofuel and for matters connected therewith and incidental thereto. The 
Ministry of International Trade and Industry  established a licensing system 
(the Act was enforced on 2008).
The National Green Technology Policy was implemented in 2009 in order to 
reduce GHG emissions, use renewable energy resources, and use natural 
resources with one of the four pillars in the transportation sector.
There are 2 other policies to take into account in the Malaysian biofuel 
development: the 2010 National Policy on climate change and the 2010 
National Agricultural Plan.
In 2013, the Malaysian government announced the implementation of a 
mandatory B10 blended biodiesel. It aims to be consistent with the United 
Nations Framework Convention on Climate Change (UNFCCC), but only on 
the assumption that, by definition, biofuels would help to reduce greenhouse 
gases emissions. There are no specific criteria to assess and ensure that it is 
effectively the case, for a given implementation.
Several policies based on biofuel strategies have been planned: the third 
master industrial plan (2009-2020), and the National Timber Industry Policy. 
These planned policies focus mainly on the use of oil palm biomass and this 
trend is confirmed through the National Biomass Strategy 2020.
The main incentives are:
 • the Bionexus Status,
 • the Pioneer Status,
 • the Investment Tax Allowance,
 • the Economic Transformation Program (ETP).
With the Bionexus Status, companies participating in value-added 
biotechnology and/or life science activities can receive tax breaks and apply 
for funding.
The Malaysian Investment Development Authority (MIDA) awards the Pioneer 
Status to manufacturing businesses. The eligible companies receive 30% 
exemption from taxable statutory income for 5 years and 100% exemption if 
investments are made in promoted areas (Sabah, Sarawak, Perlis and 
designated “Eastern Corridor” of Peninsular Malaysia). In the near future, 
100% exemption will also  be provided to “high value added” production in 
non-promoted areas. 
The Investment Tax Allowance is awarded by MIDA to companies with high 
value added. Companies are allowed to offset 60% of the qualifying capital 
Future biofuel objectives
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Figure 35: Malaysia incentives and plans linked to biomass and bio-jetfuel.
expenditure they incur within five years against 70% of their statutory income. 
The allowance increases to 100% if the investment is made in a promoted 
area. Going forward, 100% exemption will also be provided to “high value 
added” production in non-promoted areas.
In order to elevate the country to developed nation status by 2020, the 
Government created the Economic Transformation Program (ETP): 12 
identified keys areas have been defined. Biofuels under the Key area “Palm oil 
& Rubber”, by developing biogas facilities at palm oil mills, and 
commercialising second generation biofuel using non-food oil palm biomass.
Since 2012, there are discussions about launching a National Aviation Policy 
to ensure free and fair competition on a level playing field between the air 
transport division of the Transport Ministry and relevant stakeholders in the 
aviation industry (Malaysia Airlines, Air Asia, Malindo and Malaysia Airports 
Holdings Bhd).  However, in 2014 there is still no established policy for the 
aviation sector, the main discussions are still about strengthening the services 
network in the aviation industry, upgrading airports and creating human 
capital. 
Malaysia aviation and aerospace sectors
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Figure 36: Outcomes linked to biomass and bio-jetfuel.
The National Aerospace Blueprint (launched in 1997) encourages the 
aerospace industry to become a growth sector. In 2001, the Malaysian 
Aerospace Council was created: it approved initiatives such as Aerospace 
Malaysia Innovation Centre (AMIC, created in 2011). It is a consortium 
between the Malaysian government through Malaysia Industry Government 
Group for High Technology (MIGHT) and the industry through Airbus Group. It 
coordinates R&D activities from universities, research institutes and 
companies (UPM, CIRAD, etc.). It is the main promoter of the use of 
alternative jetfuel for aviation in Malaysia. 
Among other programmes are: 
 • the National UAV Programme, 
 • the Maintenance Repair and Overhaul (MRO) plan, 
 • the System Capability Development Programme, 
 • the Satellite Development Programme, 
 • the Leader Aerospace Programme, 
 • the Next Generation Aircraft Programme,
 • the Composites Technology Research Malaysia Sdn Bhd.
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Conclusion and perspectives 
The civil aviation industry targets 50% reduction in net CO2 emission by 2050, 
and will need at least 2 million tonnes of biofuel by 2020. To date there are 
only three certified processes that can produce Jet A1 kerosene from biomass. 
One is the HEFA process, mainly using fatty biomass. The two others that use 
sugars, starch and lignocellulosic materials (polymers of sugars) are the 
biomass-to-liquid, via the Fischer-Tropsch process, and the Synthesised Iso-
Paraffinic fuel, via fermentation. In South East Asia, biomass grows fast and in 
abundance, both in agro-systems and in natural ecosystems such as the 
rainforest.
There lies the possible barrier for jetfuel from biomass. It can encourage 
deforestation if unsustainably feeding off directly (timber) or indirectly 
(dedicated energy crops that need space, thus encouraging deforestation) on 
the forests. It can also increase the possibility of food shortage, especially 
among the poorest populations by encouraging the development of energy 
crops in competition with food crops.
South East Asia is where the aviation demand and the projected demand for 
biomass energy will grow the fastest. Three major international air-hubs are 
located in or at the doorstep of Malaysia: Bangkok in Thailand, Kuala Lumpur 
in Peninsular Malaysia, and Singapore across a bridge at the southern tip of 
the peninsula. But South East Asia is also one of the regions in the world that 
has less potential for expansion of new crop areas. This creates a “scissors 
effect”, leaving little options except to depend on lignocellulosic materials, the 
basic component of all plants, and one of the most abundant biopolymers in 
the world. It constitutes the bulk of all forest products and agricultural wastes.
In Malaysia the major source of vegetable oil is oil palm, but the international 
prices of this commodity and its fatty residues, make it economically out of 
reach of major biofuel uses, if not subsided. Despite the existence of 
environmental certification for this crop, it is not completely safe from possible 
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environmental criticisms, due to the connection of its value chain with the 
rainforests that surround the plantations. The major sources of lignocellulosic 
residues are oil palm, forestry, paddy, coconut, sugarcane, and rubber 
plantations. Despite the dominance of oil palm and forest areas, and the 
relative productivity of paddy, no crop by itself in Peninsular Malaysia would be 
sufficient to constitute a sustainable source of residues for bio-jetfuel, at the 
scale potentially demanded by one of the three hubs close to this region. The 
total potential of a multi-crop sourcing strategy could provide up to 50 million 
tonnes of lignocellulosic fresh residues from Peninsular Malaysia, and 100 
million tonnes from the whole of Malaysia. Similarly a conservative multi-crop 
strategy, that avoids the oil palm sector, could provide up to 7-8 million tonnes 
of lignocellulosic fresh residues from Peninsular Malaysia, and 15 million 
tonnes from the whole Malaysia. These numbers are indicative and subject to 
variance of more than plus or minus 50%.
The specific configuration of Malaysia, in two land masses separated by the 
South China Sea, and the scattered nature of all the crops, in a mosaic of land 
uses spread across a contrasted geography, creates a challenge for the 
transport cost of the raw materials. Initial simulations on one crop shows the 
necessity of integrating the collection of raw material and of selecting carefully 
the place(s) for biorefinery(ies). Adding the sources of Sabah and Sarawak to 
those from the peninsula is not impossible, but should be optimised. It implies 
a multi-mode transport system with one segment by sea - and according to the 
harbour facilities or the volumes and scales, the economic models need to be 
assessed and weighted, and if found wanting, rejected. Simultaneously adding 
the volumes available on a regional scale will drastically change the scale of 
the operations and may optimise the cost.
A series of incentives and institutional tools exist to support biofuels and 
biotechnology in a few directions, but in a non-systematic way, with little 
consolidation for effective applications or large-scale implementation. A clear 
orientation from the public policy is to push for oil palm sector related 
investments, but it might not be an advantage for specific companies, which 
may be afraid to be linked with the global environmental polemics on oil palm 
environmental effects. Other policies promote other sectors as well, leaving 
largely enough room for any other biomass strategy to take off, provided 
governmental policies and offices consolidate their actions.
One new institutional tool is the Aerospace Malaysia Innovation Centre,  with 
its Center of Excellence on Biomass Valorisation for Aviation, whose job is to 
assess local solutions for sustainable biomass production. The aim is to 
determine the most suitable feedstocks to ensure future jet fuel feedstocks is 
based only on sustainable solutions. Their next step, after this initial statement 
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on the potentialities, will be to build and assess production scenarios, for the 
policy makers to select among a portfolio of sustainable options for a realistic 
and sustainable roadmap.
An incremental approach would ideally consider a careful assessment of 
optimal feedstock to chose in accordance to their location, scale of supply, and 
other technical, environmental and economic parameters. For example if one 
needs to get biomass from Sabah and Sarawak in order to supplement the 
biomass available in the peninsula, it can be as profitable if not more, to also 
source from Sumatra, Sulawesi, etc. These factors call for a regional approach 
to the supply pools. Regional economics and regional scale of analysis are 
also often the best scales in order to ensure sound sustainability assessment.
At such scales, scenarios to build synergies between international hubs, or to 
measure their potential competition and cannibalism, can be envisioned. Ideal 
or alternative location of bio-refineries can be computed; several industrial 
strategies and scenarios can be compared, along with appropriate economic 
models. There can be several different economic models according to the end-
users. Different airlines could implement bio-jetful according to different time 
scales. Their customer base can be different with different cultural 
backgrounds, thus they could favour different kinds of ideal biomass 
feedstock. Companies running the biorefineries have their own economic 
models too, with different long-term strategies. These factors, too, are critical 
when weighting alternative scenarios or mill locations. For the Malaysian 
government or its neighbours, a set of clear institutional tools and criteria for 
promoting or managing the dynamic of bio-jetfuls in the region should be 
presented, and assessed each with their advantages and disadvantages. All of 
these elements are necessary components for the institutions and the 
companies to build and negotiate the roadmap(s) that will lead to sustainable 
development of bio-jetful in South East Asia.
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Aviation represents a small but growing share of global
CO2 emissions (2-3%), and Southeast Asia is where this
industry grows the fastest. The industry targets 50%
reduction in net CO2 emission by 2050, and will need
at least 2 million tonnes of biofuel by 2020. In Southeast
Asia, competition between natural spaces (such as
tropical forests) and biofuel development should be
avoided. A complex interaction of political, sociological
and natural factors influence the logistics, the
infrastructures and the potential sustainability of biofuel.
The contrasted growing conditions, and the
geographically scattered nature of the potential resources
for aviation industry, add to the complexity. Building
visions and actions necessitates a range of assessments
and researches, to insure sustainability of appropriate
scenarios and pathways. In Malaysia, a consortium
established a Center of Excellence on Biomass
Valorisation for aviation, in order to study the biomass
feedstocks and pathways which are necessary to meet the
industry target, and to ensure sustainability.
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